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As  part  of  the  Navy’s  earthquake  hazard  reduction  program,  selected  structures  at 
various  Navy  activities  were  analyzed  by  the  rapid  seismic  analysis  (RSA)  procedure  to  deter¬ 
mine  their  seismic  adequacy.  Those  buildings  found  to  be  inadequate  were  then  analyzed  in 
detail  to  determine  the  degree  of  strengthening  required  to  reduce  the  potential  damage  and 
the  estimated  cost.  The  RSA-estimated  damages  for  steel,  concrete,  masonry,  wood,  and 
brick  buildings  were  compared  with  historic  earthquake  damage  data.  Results  indicate 
reasonably  good  agreement  between  the  RSA-estimated  damage  and  historic  earthquake 
damage  data. 
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INTRODUCTION 


Before  the  1933  Long  Beach,  Calif.,  earthquake,  seismic  effects 
were  generally  not  considered  in  the  design  and  construction  of  Navy 
structures.  Some  seismic  design  and  construction  requirements  were 
relaxed  during  World  War  II  because  of  the  shortage  of  material  and 
skilled  workers.  Since  then,  essentially  a11  Navy  structures  have  been 
designed  and  constructed  according  to  the  prevalent  codes.  Earthquake 
design  force  levels,  however,  have  increased,  and  design  criteria  have 
changed  over  the  years  as  more  earthquake  ground  motion  and  damage  data 
become  available.  Consequently,  a  building  completed  15  years  ago  may 
not  be  able  to  satisfy  the  current  seismic  design  criteria. 

As  part  of  the  Navy's  earthquake  hazard  reduction  program,  essential*, 
critical**,  and  other  important  structures  at  various  Navy  activities 
have  been  analyzed  by  the  rapid  seismic  analysis  (RSA)  procedure  (Ref  1 
and  2)  to  determine  their  seismic  adequacy  according  to  the  current 
Naval  Facilities  Engineering  Command  (NAVFAC)  ground  motion  criterion: 
of  maximum  ground  acceleration  with  an  BOX  probability  of  not  being 
exceeded  in  50  years.  The  aim  of  the  RSA  procedure  is  to  identify  those 
buildings  that  may  be  susceptible  to  severe  damage. 

The  RSA  procedure  was  initially  developed  by  John  A.  Blume  and 
Associates  in  a  pilot  study  of  a  relatively  large  number  of  buildings  at 
the  Puget  Sound  Naval  Shipyard  in  1973.  Since  then,  the  procedure  has 
been  formalized  and  enhanced  by  the  Naval  Civil  Engineering  Laboratory 
(NCEL). 

The  seismic  investigation  at  a  Navy  activity  may  be  divided  into 
two  phases.  In  Phase  I,  the  selected  buildings  at  the  activity  are 
analyzed  by  the  RSA  procedure.  Those  buildings  found  to  be  inadequate 
in  Phase  I  are  analyzed  in  detail  during  Phase  II  to  determine  the 
degree  of  strengthening  required  to  reduce  the  potential  damage  and  the 
estimated  cost. 

The  major  steps  of  the  RSA  procedure***  are: 

•  Select  the  buildings  (by  screening  and  visual  inspection). 

e  Investigate  geological  site  hazards. 

•  Perform  a  visual  survey  of  lifeline  utilities. 


*Essentia1  structures  are  those  that  provide  disaster  control,  recovery, 
and  communications  capability.  Hission-essential  structures  are  those 
that  serve  a  military  mission  that  requires  them  to  remain  functional 
during  and  after  an  earthquake. 

**Critica1  structures  are  those  that  contain  material  that  if  released 
would  create  a  secondary  hazard  to  surrounding  structures  and  personnel 
nearby. 

***For  more  details  about  the  RSA  procedure,  the  reader  should  refer  to 
References  1  and  2. 
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•  Deterffline  the  site  response  spectra. 

•  Estimate  the  structural  properties  (natural  periods,  damping, 
and  base  shear  capacities)  at  the  yield  and  ultimate  levels 

for  the  transverse  and  longitudinal  directions  of  each  building. 

•  Estimate  the  damage  from  the  demands  by  the  site  response 
spectra  and  base  shear  capacities  of  the  building. 

•  Select  the  buildings  for  detailed  analysis  according  to  the 
estimated  damage  and  engineering  experience  and  judgment. 


Because  of  the  large  number  of  structures  at  each  Navy  activity,  it 
is  generally  not  economically  feasible  nor  practical  to  screen  or  perform 
rapid  analysis  on  a11  the  buildings.  The  following  criteria  are  used  to 
select  buildings  for  field  screening: 

1.  Structures  constructed  before  1973. 

2.  Buildings  with  greater  than  3,000  ft^  of  floor  area. 

3.  Structures  in  seismic  2ones  3  and  4,  and  only  essential 
structures  in  seismic  zone  2. 

4.  Structures  not  earth  covered. 

5.  Structures  with  a  replacement  cost  of  more  than  $200,000. 

6.  Structures  not  scheduled  for  replacement  within  5  years. 

7.  One-story,  lightweight  timber  or  preengineered  steel  buildings. 

8.  Other  structures  selected  by  the  Public  Works  Office  at  the 
activity. 


Structures  constructed  after  1973  are  generally  more  seismic  resistant 
than  those  constructed  before  because  of  the  lessons  learned  from  the 
1971  San  Fernando  earthquake  and  later  code  changes  to  reflect  these 
lessons.  Criteria  2  and  5  eliminate  the  smaller  buildings  in  the  2,500- 
to  3,000-ft2  range.  These  smaller  buildings  have  generally  responded 
well  in  past  major  earthquakes  because  of  their  relatively  large  linear 
foot  of  wall  per  square  foot  of  floor  area  as  compared  to  buildings  with 
larger  floor  areas.  Both  results  of  analyses  and  experience  in  past 
major  earthquakes  indicate  that  earth-covered  structures  are  generally 
quite  resistant  to  earthquake  damage.  Criterion  6  may  eliminate  some  of 
the  weaker  structures  (i.e.,  structures  scheduled  for  replacement  are 
likely  to  be  weaker  than  the  general  building  population). 

Even  with  the  screening  criteria,  there  are  still  too  many  buildings 
that  have  to  be  analyzed  by  the  RSA  procedure  at  the  current  (1985)  cost 
of  about  $2,000  per  building  in  Phase  I.  The  following  criteria  are 
suggested  for  eliminating  buildings  from  further  study: 


1.  Buildings  that  are  essentially  identical  to  those  chosen  for 
analysis.  Results  of  those  analyzed  are  applicable  to  those 
not  investigated. 

2.  Buildings  with  foundation  problems,  such  as  extreme  ground 
settlement  which  results  in  footing  or  pile  damage.  Such 
buildings  should  be  analyzed  in  detail  and  repaired  as  part 
of  the  normal  maintenance  program. 

3.  Structures  that  cannot  be  reliably  analyzed  with  the  RSA 
procedure,  such  as  large  buildings  with  complex  lateral  force- 
resisting  systems  whose  vertical  or  horizontal  configurations 
are  highly  irregular.  Such  buildings  should  be  analyzed  in 
detail  during  Phase  II. 


In  general,  the  criteria  used  to  screen  and  select  buildings  for 
analysis  by  the  RSA  procedure  eliminate  the  more  seismic  resistant  or 
newer  buildings  at  a  given  site.  Thus,  the  buildings  analyzed  tended  to 
be  biased  toward  the  weaker  ones.  The  estimated  damage  for  the  buildings 
is  expected  to  be  somewhat  larger  than  the  historic  damage  for  the  same 
type  of  buildings. 

The  site  response  spectra  determine  the  demand  or  loading  on  the 
structures  analyzed  by  the  RSA  procedure.  Because  of  the  procedures 
used  and  conservatism  involved  in  the  determination  of  the  maximum 
ground  accelerations  (50  percentile)  and  the  site  response  spectra 
(84  percentile),  the  loading  thus  obtained  for  a  given  maximum  ground 
acceleration  at  the  site  represents  a  near  upper  bound  value.  That  is, 
there  is  less  than  about  a  10%  chance  that  the  loading  experienced  by  a 
building  with  a  given  damping  and  natural  period  would  be  greater  than 
that  indicated  by  the  response  spectrum  (Ref  3). 

In  determining  the  damping  and  compute  the  natural  periods  and  base 
shear  capacities,  necessary  assumptions  were  made  at  each  step  along  the 
way.  The  rapid  analysis  results  are  compared  with  historic  damage  data 
from  past  major  earthquakes  to  assess  the  adequacy  of  the  RSA  procedure 
in  predicting  earthquake  damage. 

Currently,  Phase  I  of  the  rapid  seismic  investigations  is  about  80% 
completed.  Over  1,500  buildings  at  more  than  50  different  Navy  activities 
have  been  analyzed.  Detailed  seismic  analysis  has  been  performed  on 
some  of  the  buildings.  Seismic  strengthening  has  been  carried  out  on  a 
few  of  these  buildings. 

Objective 

The  objective  of  this  investigation  is  to  compare  the  RSA-estimated 
damages  for  steel,  concrete,  masonry,  wood,  and  brick  buildings  with 
historic  earthquake  damage  data  for  similar  buildings. 

Approach 

To  satisfy  the  objectives  of  this  investigation,  average  historic 
earthquake  damage  data  for  10  different  types  of  construction  in  the 
form  of  percent  damage  versus  the  Modified  Mercalli  Intensity  (Ref  4) 
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(HHI)  were  transfonned  to  percent  damage  versus  maximum  ground  acceler¬ 
ation  (MGA).  The  RSA  data  for  750  buildings  at  22  different  selected 
Navy  activities  were  separated  Into  five  groups:  steel,  reinforced 
concrete,  reinforced  masonry,  wood,  and  unreinforced  brick.  The  estimated 
average  damages  for  each  building  group  were  computed  for  MGAs  between 
0.05  and  0.5g  at  0.05g  Increments.  The  RSA  damage  data  were  compared 
with  the  appropriate  historic  damage  data  and  the  differences  were 
noted. 


HISTORIC  EARTHQUAKE  DAMAGE  DATA 

In  this  section,  the  average  historic  earthquake  damage  data  for 
buildings  are  presented.  The  available  historic  damage  data  are  In  the 
form  of  damage  versus  Modified  Mercalll  Intensity  (MMI).  By  contrast, 
the  RSA  data  are  In  the  form  of  damage  versus  maximum  ground  acceleration 
(MGA).  Hence,  the  MMI  values  must  be  transformed  to  equivalent  MGA 
values  before  comparisons  can  be  made. 

The  Modified  Mercalll  Intensity  scale,  with  its  12  levels.  Is  an 
attempt  to  measure  the  severity  of  earthquake  ground  shaking  Intensity. 
Developed  more  than  50  years  ago,  the  MMI  scale  relates  human  response 
or  structural  response  to  ground  shaking  Intensity.  The  scale  Is  based 
on  the  subjective  judgment  of  the  evaluators,  materials  of  construction, 
construction  techniques,  and  human  response  to  earthquake  effects. 
Structures  generally  are  not  damaged  at  MMI  <  VI.  For  MMI  >  IX,  the  MMI 
scale  is  overly  sensitive  to  the  response  of  the  soil.  That  Is,  a  given 
level  ground  shaking  response  at  a  site  can  occur  under  a  wide  range  of 
ground  shaking  Intensities,  depending  on  the  soil  profile  at  the  site, 
the  properties  of  soil  layers  within  the  profile,  and  site  topography. 

The  advantage  of  the  MMI  scale  Is  that  It  directly  relates  building 
damage  to  the  intensity  scale,  making  It  a  convenient  tool  for  determining 
earthquake  Insurance  premiums. 

In  studying  damage  prediction  for  earthquake  Insurance,  Sauter 
(Ref  5)  developed  average  historic  earthquake  damage  versus  Modified 
Mercalll  Intensity  relationships  for  different  types  of  building  construc¬ 
tion  using  the  empirical  approach.  Because  the  adequacy  of  the  method 
depends  on  the  reliability  of  the  available  Information,  an  exhaustive 
search  for  existing  data  from  numerous  sources  was  conducted.  These 
sources  include  government  agencies,  research  centers,  university 
libraries,  and  Insurance  companies.  A  detailed  compilation  of  all 
collected  data  Including  sources  and  Interpretation  is  given  in 
Reference  6.  The  damage  relationships  available  for  buildings  were 
simplified  Into  10  groups: 

1.  Adobe 

2.  Unreinforced  masonry  -  low  quality 

3.  Reinforced  concrete  frames  -  without  seismic  design 

4.  Steel  frames  -  without  seismic  design 

5.  Reinforced  masonry  -  medium  quality  without  seismic  design 


6.  Reinforced  concrete  frames  -  with  seismic  design 

7.  Reinforced  concrete  shear  walls  -  with  seismic  design 

8.  Wooden  frame  dwellings 

9.  Steel  frames  ~  with  seismic  design 

10.  Reinforced  masonry  -  high  quality  with  seismic  design 


These  average  damage  relationships  are  shown  in  Figure  1.  Damage  is 
expressed  in  percent  of  the  current  total  replacement  cost.  THE  RELATION¬ 
SHIPS  SHOWN  ARE  BASED  ON  RECORDED  SEISMOLOGICAL  INFORMATION  FOR  LESS 
THAN  90  YEARS.  INSTRUMENTED  ACCELERATION  RECORDS  ARE  ONLY  AVAILABLE  FOR 
ABOUT  50  YEARS.  FUTURE  DAMAGE  AND  PREDICTED  DAMAGE  BASED  ON  PAST  EVENTS 
CAN  DIFFER  CONSIDERABLY.  IN  ADDITION.  THE  DAMAGE  FOR  A  PARTICULAR 
BUILDING  CAN  VARY  CONSIDERABLY  FROM  THE  AVERAGE  DAMAGE  RELATIONSHIP  FOR 
THE  BUILDING  GROUP,  DEPENDING  ON  ITS  STRUCTURAL  CONFIGURATION,  EXPERIENCE 
AND  JUDGMENT  OF  THE  DESIGNER,  AND  QUALITY  OF  WORKMANSHIP,  ETC.  THUS, 

THE  INHERENT  LIMITATIONS  OF  THE  EMPIRICAL  DAMAGE  RELATIONSHIPS  MUST  BE 
KEPT  IN  MIND  WHEN  USING  THEM  TO  PREDICT  EARTHQUAKE  DAMAGE. 

The  historic  damage  versus  MMI  relationships  shown  in  Figure  1  are 
transformed  into  historic  damage  versus  maximum  ground  acceleration 
(MGA)  by  establishing  a  relationship  between  MMI  and  MGA.  There  are 
many  empirical  relationships  between  MMI  and  MGA  in  the  literature 
(e.g. ,  Ref  7  through  11).  It  is  the  general  consensus  that  a  range  of 
MGAs  exists  for  each  MMI  level.  Furthermore,  Murphy  and  O'Brien  (Ref  11) 
found  that  the  MGA  value  for  a  given  MMI  level  is  a  function  of  the 
earthquake  magnitude  and  distance  from  the  earthquake  source,  information 
generally  not  available  for  MMI  data  before  about  1933.  The  MMI  versus 
MGA  relationship  used  in  this  study  is  shown  in  Figure  2.  The  relation¬ 
ship  is  superimposed  on  a  plot  of  the  maximum  acceleration  data  recorded 
between  1933  and  1973.  It  is  based  on  70%  of  the  mid-range  of  values 
given  by  Sauter  and  Shah  (Ref  9).  The  MGA  from  the  curve  shown  in  the 
figure  for  each  MMI  level  is  generally  about  20%  larger  than  the  values 
given  by  Murphy  and  O'Brien  (Ref  11)  except  at  MMI  level  X,  where  it  is 
6%  smaller.  Incidentally,  Murphy  and  O'Brien  found  that  the  MGA  distri¬ 
bution  at  each  MMI  level  is  log-normal.  Of  the  1,465  acceleration  data 
points  used  in  their  study,  less  than  2%  of  the  total  had  values  larger 
than  0.3g. 

From  the  plot  shown  in  Figure  2,  it  is  apparent  that  there  is 
considerable  scatter  in  maximum  ground  "celeration  values  at  each  MMI 
level.  It  is  the  author's  opinion  that  the  extremely  high  peaks  at  the 
various  MMI  levels  are  caused  by  local  site  amplification,  such  as  local 
topography  or  soil  properties.  For  example,  the  1.25g  acceleration 
between  MMI  VIII  and  IX  was  recorded  near  the  abutment  of  the  Pacoima  Dam 
during  the  1971  San  Fernando  earthquake.  The  spurious  peak  was  caused 
by  the  amplification  of  the  base  motion  through  the  rock  ridge  and  the 
fracturing  of  the  ridge  during  the  earthquake. 

The  resulting  historic  damage  versus  maximum  ground  acceleration 
relationships  or  damage  functions  are  given  in  Figure  3.  From  the 
functions  shown,  it  is  apparent  that  adobe  buildings  on  the  average 
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Figure  1.  Average  historic  earthquake  damage  versus  Modified  Mercalli 
Intensity  (MMI)  relationships  for  buildings  (from  Ref  6). 
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experience  the  greatest  damage  for  a  given  maximum  ground  acceleration. 
Brick  buildings  are  expected  to  be  severely  damaged  or  collapse  at  a 
maximum  ground  acceleration  between  0.2  and  0.3g.  By  contrast,  wooden 
frame  dwellings  and  high-quality  reinforced  masonry  buildings  with 
seismic  design  are  expected  to  only  experience  nominal  damage  at  a 
maximum  ground  acceleration  of  about  O.Sg. 

The  damage  functions  given  In  Figure  3  can  be  used  to  estimate  the 
earthquake  damage  to  buildings  not  analyzed  by  the  RSA  procedure  at  the 
various  Navy  activities.  However,  as  mentioned  earlier,  one  should  be 
cautious  about  using  empirical  data  to  predict  future  earthquake  damage 


EARTHQUAKE  DAMAGE  ESTIMATED  BY  THE  RAPID  SEISMIC  ANALYSIS  PROCEDURE 

The  earthquake  damage  data  estimated  by  the  rapid  seismic  analysis 
procedure  are  presented  In  this  section.  First,  a  description  of  the 
building  data  Is  given.  Including  the  location  of  the  activity,  types  of 
buildings  and  their  approximate  distribution  according  to  type,  and  date 
of  design/construction.  Then,  the  response  spectra  used  In  the  analysis 
are  presented.  Finally,  the  resulting  damage  functions  for  the  buildings 
are  given.  The  buildings  are  separated  Into  5  groups: 

e  Steel 

e  Concrete 

e  Masonry 

•  Wood 

a  Brick 


The  sorted  data  are  Input  Into  a  modified  version  of  the  CEL  9 
computer  program  (Ref  1)  together  with  the  digitized  site  response 
spectra  data.  The  program  computes  average  estimated  earthquake  damage, 
the  standard  deviation,  and  the  coefficient  of  variation  for  each  building 
group  from  0.05  to  O.SOg  at  O.OSg  Increments.  The  resulting  damage 
versus  maximum  ground  acceleration  relationships  (damage  functions)  for 
each  building  group  are  presented  In  tabular  and  graphical  form.  The 
significance  of  the  estimated  damage  Is  discussed. 

Data  Base 

The  RSA  data  for  750  buildings  from  22  selected  Navy  activities  out 
of  26  that  were  stored  In  the  PRIME  computer  were  used  In  this  study. 

The  RSA  data  from  the  other  Navy  activities  have  not  been  entered  Into 
the  PRIME  computer.  Data  for  nonbulldings,  such  as  elevated  water 
towers  and  radio  antenna  towers,  were  excluded. 

The  site  Identifications,  number  of  buildings  In  each  group  at  each 
site,  and  the  total  number  of  buildings  In  each  group  are  given  In 
Table  1.  With  the  exception  of  Bangor,  Jim  Creek,  Puget  Sound,  Whidbey 
Island,  Guam,  and  Sabana  Seca,  all  the  sites  are  In  California.  Bangor, 
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Table  1.  Number  of  Buildings  In  Each  Category  Analyzed  by  the 
Rapid  Seismic  Analysis  Procedure  at  the  22  Selected 
Navy  Activities 


Site 

No.  of  Buildings  In  Category 

Steel 

Concrete 

Masonry 

Wood 

Brick 

Alameda 

7 

19 

1 

8 

0 

Bangor 

8 

7 

27 

6 

4 

China  Lake 

3 

25 

5 

2 

0 

Concord 

3 

15 

4 

2 

0 

Coronado 

0 

6 

5 

3 

Guam 

KB 

8 

0 

0 

Jim  Creek 

6 

0 

0 

Lemoore 

6 

15 

40 

0 

Long  Beach 

7 

8 

0 

0 

Hare  Island 

15 

19 

0 

15 

Ml ramar 

3 

34 

25 

0 

Moffett 

7 

21 

5 

0 

North  Island 

2 

27 

5 

3 

Point  Mugu 

5 

8 

9 

0 

Port  Hueneme 

8 

6 

6 

6 

0 

Puget  Sound 

22 

13 

0 

19 

27 

Sabana  Seca 

0 

34 

2 

0 

0 

San  Francisco 

7 

6 

0 

5 

0 

Seal  Beach 

7 

7 

3 

11 

1 

Skaggs  Island 

0 

4 

1 

0 

Subic  Bay 

4 

10 

0 

0 

Whidbey  Island 

4 

8 

13 

0 

Jim  Creek,  Puget  Sound,  and  Whidbey  Island  are  in  the  state  of  Washington. 
Guam  is  one  of  the  Mariana  Islands  in  the  Pacific  Ocean.  Sabana  Seca  is 
in  Puerto  Rico  in  the  Caribbean  Sea.  The  distribution  of  buildings  in 
each  category  is  as  follows: 


Type 

No. 

Steel 

118 

Concrete 

317 

Masonry 

156 

Wood 

106 

Brick 

53 

All  the  buildings  are  in  the  low-rise  category  (<  six  stories),  with  the 
great  majority  of  them  having  three  stories  or  less. 

These  buildings  were  constructed  between  1858  and  1973.  The  following 
is  an  approximate  distribution  of  the  construction  dates  of  the  buildings: 


Construction 

Date 

Percent 

Before  1940 

24.7 

1940s 

44.4 

1950s 

13.0 

1960s 

14.3 

1970s 

3.6 

100.0 

About  70%  of  these  buildings  were  built  before  or  during  the  1940s,  with 
44.4%  of  them  built  during  the  1940s.  As  mentioned  in  the  INTRODUCTION 
section,  some  construction  standards  were  relaxed  during  World  War  II 
because  of  a  shortage  of  materials  and  skilled  workers.  About  28%  of 
the  buildings  were  constructed  during  the  1950s  and  1960s.  The  remaining 
about  4%  of  the  buildings  were  constructed  during  the  earlier  part  of 
the  1970s. 

There  is  no  assurance,  however,  that  a  building  designed  and  con¬ 
structed  according  to  the  minimum  provisions  of  the  prevalent  seismic 
code  in  California  during  the  1960s  or  1970s  will  have  the  intended 
seismic  resistance  characteristics.  Whether  a  building  has  the  desirable 
seismic  resistance  characteristics  intended  by  the  design  code  depends 
primarily  on  the  experience  and  judgment  of  the  designer  or  engineer  and 
the  quality  of  workmanship.  This  fact  has  been  proven  many  times  by 
observing  building  damage  in  past  earthquakes. 

For  instance,  essentially  all  of  the  buildings  at  the  Naval  Air 
Station,  Lemoore,  Calif.,  were  designed  and  constructed  during  the 
1960s.  Most  of  the  buildings  were  constructed  of  reinforced  masonry. 
Results  from  the  rapid  seismic  analysis  (RSA)  indicate  that  the  estimated 
damage  for  steel  buildings  were  somewhat  higher  than  bu'l dings  constructed 
from  other  materials,  primarily  from  the  lack  of  vertical  bracing.  The 
masonry  buildings  generally  have  precast  or  cast-in-place  concrete  roofs 
and  reinforced,  fully  grouted  concrete  block  masonry  for  resisting 


lateral  loads.  The  RSA  results  show  that  masonry  buildings  generally 
have  lower  estimated  damage  than  other  buildings.  However,  damage 
estimates  for  some  of  the  masonry  buildings  were  high  because  of  heavy 
roofs  or  lack  of  effective  shear  walls.  In  several  cases,  the  lateral 
resistance  of  the  masonry  shear  walls  was  Impaired  by  too  many  openings. 
In  other  cases,  the  shear  walls  were  not  connected  to  the  roof  diaphragm 
and,  hence,  provided  no  lateral  resistance.  During  the  1979  Imperial 
Valley,  Calif.,  earthquake  (magnitude  6.9),  the  newly  designed  (according 
to  code  provisions)  and  constructed  Imperial  County  Services  Building 
suffered  severe  damage  and  had  to  be  demolished  because  of  faulty  design 
judgment. 

About  two  thirds  of  the  rapid  seismic  analyses  were  performed 
before  the  modifications  for  enhancing  the  procedure  were  developed 
(Ref  2).  Whenever  possible,  these  modifications  were  made  on  the  data 
before  they  were  used  In  this  Investigation.  A  steel  yield  strength  of 
30  ksl  was  used  on  the  majority  of  the  analyses.  However,  most  of  the 
Navy's  steel  buildings  were  constructed  after  1940,  and  a  yield  strength 
of  36  ksl  would  be  more  appropriate.  Because  It  was  rather  difficult 
and  time  consuming  to  make  the  appropriate  changes  In  the  base  shear 
capacity  data,  the  steel  building  data  were  left  unmodified.  The  effects 
of  this  increase  In  yield  strength  on  the  RSA-estimated  damages  are 
Investigated  by  a  sensitivity  analysis. 

Response  Spectra 

The  majority  of  Navy  activities  are  at  sites  with  an  Intermediate 
soil  profile.  An  Intermediate  soil  profile  Is  defined  as  one  with  deep 
cohesionless  or  stiff  clay  conditions.  Including  sites  where  the  soil 
depth  exceeds  200  feet  and  soil  types  overlying  the  bedrock  are  stable 
deposits  of  sands,  gravels,  or  stiff  clays. 

For  consistency,  the  response  spectra  developed  by  the  author  for 
the  Long  Beach  Naval  Ship  Yard,  Calif.,  were  used  to  analyze  all  the 
building  data  (Figure  4).  The  curves  shown  in  the  figure  are  for  an 
Intermediate  soil  site  and  correspond  to  about  the  84  percentile  values. 
That  Is,  given  the  maximum  ground  acceleration  at  the  site,  there  Is 
only  about  a  16%  chance  that  the  loading  experienced  by  the  buildings 
will  be  greater  than  that  Indicated  by  the  response  spectra. 


Damage  Functions 

Results  from  the  computer  analyses  for  the  steel,  concrete,  masonry, 
wood,  and  brick  building  are  tabulated  In  Table  2.  The  average  damage, 
standard  deviation  (a),  and  coefficient  of  variation  (COV)  are  given  in 
percent  of  the  total  current  replacement  cost  of  the  building.  The 
standard  deviation  tended  to  level  off  to  between  30  and  40%  at  average 
damage  of  greater  than  about  40%.  The  coefficient  of  variation  (COV),  a 
good  Indicator  of  the  dispersion  of  the  data  about  the  average  value.  Is 
the  largest  for  reinforced  concrete  and  masonry  buildings.  This  large 
scatter  of  the  data  about  the  average  value  Is  most  likely  due  to  variation 
In  the  architectural  layout  Inherent  to  these  types  of  buildings.  The 
variation  In  the  architectural  layout  can  have  a  significant  effect  on 
the  base  shear  capacities  of  these  buildings. 


Sprctral  Acceleration.  (g)  Damage  f%) 


Table  2.  Earthquake  Damage  (X  of  Replacement  Cost)  From  the  Rapid  Seismic  Analysis 
of  Navy  Buildings  in  Seismic  Zones  3  and  4 


Assume  that  the  data  for  the  750  buildings  represent  a  random 
sampling  of  the  overall  Navy  building  population  In  seismic  zones  3  and 
4.  Results  from  calculations  using  the  theory  of  sampling  indicate  that 
there  Is  99.7%  assurance  (confidence  level)  that  the  computed  average 
damages  shown  In  Table  2  for  steel,  concrete,  masonry,  wood,  and  brick 
buildings  will  generally  be  within  ±6.9*,  ±9.9,  ±8.0,  and  ±15.4%,  respec¬ 
tively,  of  the  "true"  average  damage  or  the  value  that  would  have  been 
obtained  had  all  the  buildings  been  Included. 

The  RSA  damage  functions  for  the  different  buildings  are  shown  In 
Figure  5.  As  expected,  the  unreinforced  brick  buildings  generally  have 
the  greatest  estimated  damage  at  all  maximum  ground  acceleration  levels. 
The  wooden  buildings  have  the  next  to  the  largest  damage.  This  Is  not 
surprising  because  the  majority  of  these  buildings  are  large-span  struc¬ 
tures,  such  as  Industrial  shops,  theaters,  gymnasiums,  and  warehouses. 
Earthquake  performance  of  such  large-span  structures  tends  to  be  poor 
because  of  their  large  selsmic-demand-to-base- shear-capacity  ratios  as 
compared  to  short-span  structures.  Wooden  residential  dwellings,  short- 
span  structures  that  have  performed  well  In  past  earthquakes,  were 
virtually  eliminated  by  the  RSA  building  screening  and  selection  criteria. 
Reinforced  concrete  and  masonry  buildings  have  the  lowest  estimated 
damage,  with  masonry  buildings  the  lower  of  the  two.  The  estimated 
damage  for  steel  buildings  Is  between  brick  and  masonry  buildings. 

To  check  the  sensitivity  of  the  estimated  damage  for  steel  and 
wooden  buildings  to  Increases  In  the  natural  periods  and  base  shear 
capacities  at  the  yield  and  ultimate  levels,  the  estimated  damage  for 
these  buildings  were  computed  for  a  20  and  50%  increase  in  these  para¬ 
meters.  The  original  (unmodified)  damages  are  compared  with  the  modified 
damages  for  steel  and  wooden  buildings  In  Tables  3  and  4,  respectively. 

The  results  indicate  that  Increasing  the  base  shear  capacities  at  the 
yield  and  ultimate  levels  by  20  and  50%  will  reduce  the  estimated  damage 
by  about  7  and  16%,  respectively.  Based  on  available  Information, 
Increasing  the  base  shear  capacities  for  steel  buildings  by  20%  Is 
justifiable.  Increasing  the  base  shear  capacities  for  wooden  buildings 
by  20%  cannot  be  justified,  let  alone  50%.  The  estimated  damages  for 
the  steel  and  wooden  buildings  are  rather  insensitive  to  increases  in 
the  natural  periods. 

The  RSA-estimated  damages  agree  qualitatively  with  those  observed 
during  the  magnitude  6.61  1971  San  Fernando  earthquake  (Ref  12).  For 
pre-1933  buildings,  the  damage  threshold  Is  0.15g.  Maximum  ground 
accelerations  of  0.3g  or  greater  are  associated  with  hazardous  damage 
and  collapse  of  most  of  these  older  buildings.  Structures  designed  in 
accordance  with  minimum  seismic  code  requirements  received  only  architec¬ 
tural  damage  where  the  MGA  was  less  than  0.2g.  There  was  minor  to 
appreciable  damage  to  these  buildings  when  subjected  to  ground  motions 
in  the  0.2  to  0.3g  range.  The  estimated  strong  motion  duration  (>  0.05g) 
for  the  earthquake  Is  about  10  seconds.  Had  the  duration  of  the  shaking 
been  much  longer,  the  observed  damage  would  have  been  much  more  severe, 
and  more  modern  structures  might  have  collapsed.  The  San  Fernando 
earthquake  confirmed  that  buildings  designed  according  to  building  code 
provisions  can  have  markedly  different  responses  because  of  different 
architectural  layout,  structural  type,  quality  of  workmanship,  and 
engineering  judgment. 

*These  percentages  are  expressed  in  terms  of  the  total  current  replacement 
cost  of  the  building. 
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COMPARISON  OF  HISTORIC  DAMAGE  WITH  ESTIMATED  DAMAGE 


In  this  section,  the  average  damage  functions  from  the  rapid  seismic 
analysis  (RSA)  are  compared  with  the  corresponding  historic  damage 
functions.  The  comparisons  are  made  at  maximum  ground  accelerations 
between  0.2  and  0.4g,  where  most  of  the  damage  Is  anticipated  to  occur. 

The  percent  difference  In  damage  used  In  the  comparisons  Is  In  terms  of 
the  current  total  replacement  cost  of  the  building. 

A  comparison  of  the  damage  functions  for  steel  buildings  Is  shown 
In  Figure  6.  The  RSA  damages  are  between  8  and  20%  larger  than  the 
historic  damages  for  steel  frame  buildings  without  seismic  design.  The 
RSA  damages  are  between  31  and  36  larger  than  the  historic  damages  for 
steel  frame  buildings  with  seismic  design.  Finally,  the  RSA  damages  are 
between  20  and  28%  larger  than  the  average  historic  damages  for  steel 
frame  buildings  with  and  without  seismic  design. 

A  comparison  of  the  RSA  damage  functions  for  1.0,  1.2,  and  1.5 
times  the  computed  base  shear  capacities  of  steel  buildings  with  the 
historic  damage  functions  Is  presented  In  Figure  7.  Because  of  the 
reason  given  earlier.  It  Is  felt  that  the  RSA  damage  function  for 
1.2  times  the  base  shear  capacities  Is  more  representative  of  the  actual 
response  of  the  steel  buildings  analyzed. 

The  primary  cause  of  the  difference  between  the  RSA  damage  function 
and  the  historic  function  for  steel  buildings  is  the  presence  of  long- span 
structures,  such  as  Industrial  shops,  warehouses,  and  aircraft  hangars. 
Such  long-span  structures  are  expected  to  experience  greater  earthquake 
damage  than  short-span  steel  structures,  such  as  office  buildings, 
because  of  the  greater  selsmically  Induced  Inertia  forces  In  the  vertical 
lateral  force-resisting  elements  of  the  long-span  structures. 

A  comparison  of  the  earthquake  damage  functions  for  reinforced 
concrete  buildings  Is  given  In  Figure  8.  The  RSA  damages  are  between  7 
and  39%  smaller  than  the  historic  damages  for  reinforced  concrete  frame 
buildings  without  seismic  design.  The  RSA  damages  are  between  4  and  6% 
larger  than  the  historic  damages  for  reinforced  concrete  frame  buildings 
with  seismic  design.  The  RSA  damages  are  between  17  and  20%  larger  than 
the  historic  damages  for  reinforced  concrete  shear  wall  buildings  with 
seismic  design.  None  of  the  RSA  concrete  buildings  were  designed  to 
resist  the  seismic  forces  by  frame  action  or  shear  wall  action  alone. 

These  buildings  are  generally  designed  to  resist  the  seismic  forces  by  a 
combination  of  concrete  frame  (without  seismic  design)  and  shear  wall 
action.  The  RSA  damages  generally  are  within  about  ±6%  of  the  average 
of  the  historic  damage  functions  for  reinforced  concrete  frame  buildings 
without  seismic  design  and  reinforced  concrete  shear  wall  buildings  with 
seismic  design. 

A  comparison  of  the  damage  functions  for  reinforced  masonry  buildings 
Is  shown  In  Figure  9.  The  RSA  damages  are  between  7%  smaller  and  3% 
larger  than  those  for  medium- quality  reinforced  masonry  buildings  without 
seismic  design.  The  RSA  damages  are  between  15  and  29%  larger  than 
those  for  high-quality  reinforced  masonry  buildings  with  seismic  design. 
Finally,  the  RSA  damages  are  about  10%  larger  than  the  average  of  the 
historic  damage  functions  for  medium- quality  reinforced  masonry  buildings 
without  seismic  design  and  high-quality  reinforced  masonry  buildings 
wUh  seismic  design. 


Table  3.  Sensitivity  of  RSA-Esti mated  Damage  to  Increases  in  Base 
Shear  Capacities  and  Natural  Periods  for  Steel  Buildings 
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Figure  7. 


Figure  8. 


A  comparison  of  the  RSA  damage  functions  for  wooden  buildings  with 
the  corresponding  historic  damage  functions  for  steel  frame  buildings 
with  and  without  seismic  design  and  wooden  frame  dwellings  Is  given  In 
Figure  10.  Theoretically,  historic  damage  for  steel  frame  buildings  and 
wooden  frame  dwellings  Is  not  directly  comparable  with  the  RSA  damage 
for  wooden  structures.  The  RSA  wooden  structures  generally  consist  of 
relatively  long-span  structures,  such  as  theaters,  gymnasiums,  warehouses, 
and  Industrial  shops.  The  smaller  wooden  frame  dwellings  or  similar 
short-span  wooden  structures  have  virtually  been  eliminated  from  the  RSA 
by  the  selection  criteria.  Understandably,  the  seismic  performance  of 
steel  frame  buildings  Is  not  directly  comparable  with  the  seismic  perfor¬ 
mance  of  wooden  buildings  because  of  the  difference  In  material  behavior. 
However,  the  spans  of  steel  buildings  (typically  between  20-  and  30- foot 
spacing  between  bays)  are  closer  to  the  spans  of  RSA  wooden  buildings 
than  typical  wooden  frame  dwellings  with  numerous  Interior  partitions. 

The  historic  damage  functions  for  the  steel  buildings  are  used  as  refer¬ 
ences  for  assessing  the  validity  of  the  RSA  damage  estimates  for  wooden 
buildings.  Furthermore,  the  author  hypothesizes  that  the  RSA-estImated 
damages  for  wooden  buildings  should  be  closer  to  the  historic  damage  for 
steel  frame  buildings  without  seismic  design,  with  the  RSA  damages 
somewhat  larger  than  the  historic  damages  for  steel  buildings.  This  Is 
because  the  strengths,  ductilities,  energy  absorption,  and  dissipation 
capacities  of  the  steel  structural  members  and  connections  are  larger 
than  those  for  wooden  structural  members  and  their  connections. 

From  the  damage  functions  shown  In  Figure  10,  the  RSA  damages  for 
wooden  buildings  are  between  44  and  62%  larger  than  the  historic  damages 
for  wooden  frame  dwellings.  The  RSA  damages  are  between  43  and  48% 
larger  than  historic  damages  for  steel  frame  buildings  with  seismic 
design.  Finally,  the  RSA  damages  are  between  21  and  33%  larger  than 
historic  damage  for  steel  frame  buildings  without  seismic  design. 

In  the  few  cases  where  the  RSA  was  performed  on  small  wooden  buildings 
similar  to  wooden  residential  dwellings,  the  estimated  damages  are  generally 
within  about  ±20%  of  the  historic  damages  for  wooden  frame  dwellings. 

The  effects  of  Increasing  the  base  shear  capacities  for  RSA  wooden 
buildings  by  20  and  50%  on  the  damage  function  are  shown  In  Figure  11. 

Again,  the  estimated  damages  are  compared  with  the  historic  damages  for 
steel  frame  buildings  and  wooden  frame  dwellings. 

A  comparison  of  the  RSA  damage  function  for  brick  buildings  with 
the  historic  damage  function  for  low-quality  unreinforced  masonry  buildings 
Is  given  In  Figure  12.  At  MGAs  less  than  about  0.3g,  the  RSA  damages 
are  greater  than  the  historic  damages.  By  contrast,  the  RSA  damages  are 
less  than  the  historic  damages  at  MGAs  greater  than  about  0.3g.  The 
RSA-estImated  damages  are  within  ±25%  of  the  historic  damages  for  low- 
quality  unreinforced  masonry  buildings. 

In  short,  the  average  RSA-estImated  damages  are  generally  within 
between  5  and  25%  of  the  average  historic  damages  for  the  corresponding 
types  of  buildings.  The  RSA-estImated  damages  for  reinforced  concrete 
and  masonry  buildings  are  generally  within  5  and  10%  of  the  average 
historic  damages  for  reinforced  concrete  and  reinforced  masonry  buildings, 
respectively.  The  RSA-estImated  damages  for  steel  buildings  and  unrein¬ 
forced  brick  buildings  are  generally  within  25%  of  the  historic  damages 
for  the  corresponding  types  of  buildings.  Moreover,  It  Is  hypothesized 
that  the  RSA-estImated  damages  for  wooden  buildings  are  generally  within 
about  25%  of  the  historic  damages  for  such  buildings. 
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Figure  12.  Comparison  of  historic  earthquake  damage  function  with  the 
rapid  seismic  analysis  (RSA)  estimated  damage  function  for 
brick  buildings. 


CONCLUSIONS 


1.  Assuming  that  the  RSA  building  data  represent  a  random  sampling  of 
the  Navy  buildings  In  seismic  zones  3  and  4,  the  average  building  damage 
functions  for  steel,  concrete,  masonry,  wood,  and  brick  buildings  obtained 
In  the  study  will  generally  be  within  ±6.9,  ±6.9,  ±9.9,  ±8.0,  and  15. 4X, 
respectively,  of  the  values  had  all  the  Navy  buildings  within  the  two 
seismic  zones  been  Included.* 

2.  Comparisons  of  the  RSA  damage  functions  with  the  historic  damage  func¬ 
tions  at  between  0.2  and  0. 4g  maximum  ground  accelerations  Indicate  that: 

•  The  RSA  damage  function  for  steel  buildings  Is  between  20  and  28% 
larger  than  the  average  of  the  historic  damage  functions  for 
steel  frame  buildings  with  and  without  seismic  design. 

•  The  RSA  damage  function  for  reinforced  concrete  buildings  Is 
generally  within  ±6%  of  the  average  of  the  historic  damage  func¬ 
tions  for  reinforced  concrete  frame  buildings  without  seismic 
design  and  that  for  reinforced  concrete  shear  wall  buildings  with 
seismic  design. 

•  The  RSA  damage  function  for  reinforced  masonry  buildings  Is  about 
10%  larger  than  the  average  of  the  historic  damage  functions  for 
medium-quality  reinforced  masonry  buildings  without  seismic  design 
and  that  for  high-quality  reinforced  masonry  buildings  with  seismic 
seismic  design. 

•  The  RSA  damage  function  for  mostly  long-span  wooden  buildings  Is 
between  44  and  62%  larger  than  the  historic  damage  functions  for 
relatively  short-span  wooden  frame  dwellings.  The  RSA  damage 
function  for  wooden  buildings  Is  between  21  and  33%  larger  than 
the  historic  damage  functions  for  steel  frame  buildings  without 
seismic  design. 

•  The  RSA  damage  function  for  unreinforced  brick  buildings  Is 
within  ±25%  of  the  historic  damage  function  for  low-quality 
unreinforced  masonry  buildings. 


3.  The  RSA  building  damage  functions  and  the  historic  building  damage 
functions  can  be  used  for  estimating  earthquake  damage  to  buildings  not 
analyzed  by  the  RSAP.  However,  the  inherent  limitations  of  these  functions 
given  In  the  text  must  be  considered. 


RECOMMENDATION 

Selsmically  Inadequate  buildings  that  pose  hazards  to  life  or  Impact 
the  mission  reliability  of  the  activity  should  either  be  strengthened, 
have  their  functions  transferred  to  selsmically  resistant  structures,  or 
be  scheduled  for  demolition  and  replacement. 


*These  percentages  and  subsequent  ones  are  expressed  In  terms  of  the 
total  current  replacement  cost  of  the  building. 
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NAVWARC'OL  Fac  Coord  (Code  24).  Newport.  Rl 

NAVWPNCEN  DROICC'  (Code  702).  China  Lake.  CA;  PWO  (C  ode  2Wi).  China  Lake.  C  A 
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NAVWPNSTA  Dir.  Maim  Control.  PWD.  Concord.  CA;  Engrg  Div.  PWD.  Yorklown.  VA;  PWO.  Charleston. 

SC;  PWO.  Seal  Beach.  CA 
NAVWPNSTA  PWO.  Yorktown.  VA 
NAVWPNSTA  Supr  Gen  Engr.  PWD.  Seal  Beach.  CA 
NAVWPNSUPPCEN  Code  09.  Crane.  IN 
NETC  Code  42.  Newport.  RI;  PWO.  Newport.  RI 
NCR  20.  CO.  Gulfport.  MS 

NMCB  FIVE.  Operations  Dept:  Forty.  CO;  THREE.  Operations  Off. 

NOAA  Joseph  Vadus.  Rockville.  MD 

NRL  Code  58(K)  Washington.  DC 

USCG  Code  2-‘>ll  (Civil  Engrg).  Washington.  DC 

NSC  Code  .S4.1.  Norfolk.  VA 

NSD  SCE.  Subic  Bay.  RP 

NUSC  DET  Code  -J322  (Varley)  New  London.  CT;  Code  EAI2.3  (R.S.  Munn).  New  London.  CT;  Code  TAL31 
(G.  De  la  Cruz).  New  London  CT 
OCNR  Code  700F.  Arlington.  VA 
PACMISRANFAC  PWO.  Kauai.  HI 

PHIBCB  1.  CO.  San  Diego.  CA;  1.  P&E,  San  Diego.  CA;  2.  Co.  Norfolk.  VA 
PMTC  Code  42.3.3-3.  Point  Mugu.  CA;  Code  .3041.  Point  Mugu.  CA;  Code  3034-S.  Point  Mugu.  CA 
PWC  ACE  Office.  Norfolk.  VA;  Code  10.  Great  Lakes.  IL;  Code  10.  Oakland.  CA;  Code  101  (Library). 
Oakland.  CA;  Code  102.  \faint  Plan  <6  Inspec.  Oakland.  CA.  Code  12.3-C.  San  Diego.  CA:  Code  200. 

Guam.  Mariana  Islands;  Code  4IKI.  Pearl  Harbor.  HI;  Code  4(KI.  San  Diego.  CA;  Code  420,  Great  Lakes. 

IL;  Code  420.  Oakland.  CA;  Code  422.  San  Diego.  CA;  Code  423.  San  Diego.  CA;  Code  424.  Norfolk.  VA; 
Code  423  (L.N.  Kaya.  P.E.).  Pearl  Harbor.  HI;  Code  3IK).  Oakland.  CA;  Dir  Maim  Dept  (Code  .3(K)).  Great 
Lakes.  IL;  Dir.  Maint  Control,  Oakland.  CA;  Dir,  Serv  Dept  (Code  4(X)).  Great  Lakes.  IL;  Fac  Plan  Dept 
(Code  Kill),  Pearl  Harbor.  HI;  Library  (Code  1.34).  Pearl  Harbor,  HI.  Library,  Guam.  Mariana  Islands; 
Library.  Norfolk,  VA;  Library,  Pensacola.  FL;  Library.  Yokosuka  JA;  Prod  Offr,  Norfolk.  VA;  Tech 
Library.  Subic  Bay.  RP 
SCPSHIP  Tech  Library.  Newport  News,  VA 
HAYNES  &  ASSOC  H,  ILiynes,  P  E.,  Oakland,  CA 

l!S  DEPT  OF  INTERIOR  Bur  of  L;ind  Mgmnt  (Code  .383).  Washington.  DC;  Nat  l  Park  Svc.  RMR  PC. 

Denver.  CO 

CSCG  Hqtrs  Library.  Washington,  DC 
ISCfi  R&D  CENTER  Library.  Groton.  CT 

LSDA  Ext  Serv  (T  Maher).  Washington.  DC;  Forest  Serv,  Reg  8.  Atlanta.  GA 

I'SNA  Chairman.  Mech  Engrg  Dept.  Annapolis,  MD;  Mgr.  Engrg.  Civil  Specs  Br.  Annapolis.  MD;  PWO. 
Annapolis,  MD 

ADVANCED  FECHNOLOGY  Ops  Cen  Mgr  (Moss),  Camarillo.  CA 
BERKELEY  PW  Engr  Div  (Harrison).  Berkeley.  CA 
CALIFORNIA  SIATE  UNIVERSMY  C.V,  Chelapati.  Long  Be;ich,  CA 
ern'  OF  LIVERMORE  Project  Engr  (Dawkins).  Livermore.  CA 
CLARKSON  COLL  OF  lEC  H  G  Batson,  Polsd;tm,  NY 
COLORADO  S(  HOOL  OF  MINES  Dept  of  Engrg  (Chung),  Golden.  CO 

CORNELL  CNIVERSM'i'  Civil  A  Ensiron  Engrg  (F.  Kulhwav).  Ith;ica,  NY;  Librarv.  Ser  Dept,  Ithaca.  NY 
DAMES  &  MOORE  LIBRARt  Los  Angeles.  (  A 

MARCORPS  AIRGND  COMBAl  C  IR  C  E  Dept  (K;da|ian),  Melbourne.  FL 
GEORGIA  INSrm  IF  OF  TEC  IINOLOG3  (  E  Scol  (Kahn).  Atkinla.  CiA 
INSrm  ri:  of  marine  SC  IENC  ES  Library,  Port  Arans;is.  LX 
JOHNS  HOPKINS  CNI\  CE  Dept  (Jones).  Baltimore,  MD 

I  I  HIGH  I  NIVERSII>  Fritz  I  iigrg  I  .ib.  (Beedlc),  Helhicheni.  PA;  Linderman  Libr.  Ser  Calalocuer, 

Bethlehem.  PA 

MIC  HIGAN  ri  (  HNOLOGIC  AL  IM\  I  RSI  I  Y  (  L  Dept  (ILias).  Houghton,  Ml 

MM  I  iigrg  Lib.  C.imhridge.  MA;  Lib.  lech  Reports.  Cambridge.  MA;  RV  Whitman.  Cambridee.  MA 

NEW  MEXICO  SOI  AR  I  Nl  RCiY  INSl  Dr  /wlbel  Las  C  riiees  NM 

ORI  CiON  SI  AM:  CNIVl  RSII  Y  C  l  Dept  (Hicks),  Cors.illis.  OR 

PI  NNSS  I A  ANLA  S  I  .AI  E  I'N  IN  l.RSI  IA  Gotolski.  I  niversity  Park,  PA;  Snvder,  State  College.  PA 

PORI  S.AN  Dll  CIO  Pro|  Engr.  Port  Eae.  S.in  Diego.  CA 

PORII  AND  SIAM  I  N'lVI  RSIIY  11  Migliore.  Porll.ind,  OR 

Pl'RDl  I  INIVERSIIY  l-ngrg  lib.  Lalayelle.  IN;  G,\  I  eomirds.  I  alayette.  IN 

S,\N  DllCrO  SI.AIE  I  NI\  Dr  Krishn.imoorthy .  San  Diego  C  .A 

SEAITIE  I'NIVI  RSirV  Schw.iegler.  Seattle.  WA 

SOI  IHWI  SI  RSCH  INSI  .1  Hok.inson.  San  .Antonio.  IX.  King.  San  .Antonio,  EX;  R  DeHart,  San  Antonio 
IX:  San  Antonio.  EX 

SI.ANEORD  I  NIVI  RSIIA  C  I  Dept  (Gerel.  Sl.inlord.  (  A 
SI.AIE  I  NIV  Of  NEW  YORK  C  I  De)s|.  Butlalo.  NY 

IE..X.AS  AAM  I 'NI VER.SI  I A  .)..\I.  Nieti/weeki.  College  Station,  IX;  Oeetin  Engr  Proj,  College  Station.  EX 
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I'NIN'KRSI  r\  OF  (  Ai  IFORMA  (  F  Oopi  (Ocrttick).  Berkeley.  CA;  CE  DepI  (Taylor).  Davis,  CA:  Engrg 
(Williamson).  Berkeley.  C'.\.  Naval  Areh  Depl.  Berkeley.  CA 
CNI\'ERSIT'i’  OF  H.'WVAII  CE  Depl  (Chiu).  Honolulu.  HI;  Eibrary  (Sei  &  Tech  Div).  Honolulu.  HI 
I'NINERSIFV  OF  11,1  INOES  (  E  Depl  (W  (iambic).  Hrbana.  IE;  Civil  Engrg  Dept  (Hall).  Urbana.  IE: 

Library.  I'rhana,  IE;  M  E  Davisson.  Orbana.  IL;  Meir  Ref  Rm.  L'rbana.  IL 
UNIVERSITY  OF  MICHIOAN  Dr  Rieharl.  Ann  Arbor.  Ml 
L'NIVERSITV  OF  NEBRASKA-EINC OEN  Ross  Ice  Shelf  Pro).  Lincoln.  NE 
UNIVERSITY  OF  NEW  MEXICO  NMERl  (Falk).  Albuquerque.  NM 
UNIVERSITY  OF  NOTRE  DAME  Kalona.  Notre  Dame.  IN 

UNIVERSEIY  OF  PENNSYIA  ANIA  Depl  of  Arch  (P,  McCleary).  Philadelphia.  PA 
UNIVERSn  Y  OF  TEXAS  A1  AUSEIN  Breen.  Austin.  TX;  Thompson.  Austin.  TX 
UNIVERSITY  OF  VVASHINCilON  Dept  of  Civil  Engr  (Dr.  Mattock),  .Seattle  W’A 
UNIX'ERSITY  OF  WISCONSIN  Oreat  Lakes  Studies.  Ctr.  Milwaukee.  W’l 
ALFRED  A  YEE  &  ASSOC.  Librarian,  Honolulu.  HI 
AMERICAN  CONCRETE  INS  EM  U  I  E  Library.  Detroit.  Ml 
AMEI  EK  Offshore  Rseh  <k  Engrg  Di\ .  Santa  Barbara.  C.-\ 

ARVID  GRAN!  Olympia.  W  A 

A  TLANTIC  RICHFIELD  CO.  R  E,  Smilh.  Dallas.  TX 
BATTELLE-COLUMBUS  LABS  D  Frink.  Columbus.  OH 
BETHLEHEM  STEEL  CO.  Engrg  Dept  (Dismuke).  Bethlehem.  PA 
BRITISH  EMBASSS’  Sci  &  Tech  Depl  (Wilkins).  Washington.  DC 
BRCJWN  &  ROOT  Ward.  Houston,  TX 
CANADA  Viateur  De  Champlain.  D.S.A..  Matane.  Canada 
CHAS  T  MAIN.  INC  RC  Govette,  Portland.  OR 
CHEVRON  OIL  FIELD  RESEARCH  CO.  Brooks.  La  Habra.  CA 
CONCRETE  TECHNOLOGY  CORP.  A.  Anderson.  Tacoma.  WA 
CONRAD  ASSOC.  Luisoni,  Van  Nuys,  CA 
CONSTRUCTION  TEC  H  LAB  A.E.  Fiorato.  Skokie.  IL 
DILLINGHAM  PRECAST  F  McHale.  Honolulu.  HI 
DRAX'O  CORP  Wright.  Pitlshurg,  PA 

EVALTIATION  AS.s'oC'.  INC  MA  Fedele.  King  of  Prussia.  PA 

EXXON  PRODUCIION  RESEARCH  CO  Chao.  Houston.  TX 

FURGO  I.NC.  Library,  Housion.  TX 

GLIDDEN  CO  Rsch  Lib.  Strongsville.  OH 

GRUMMAN  AEROSPACE  CORP,  Tech  Info  Ctr.  Belhpage.  NY 

HL  (iHES  AIRCRAFT  Co  Tech  Doc  Ctr.  El  Segundo.  C  A 

NUSC  DE'T  Library  (Code  4.s.^.H  Newport.  RI 

LIN  OFFSHORE  ENGRG  P  C  how,  San  Francisco  C'A 

I.INDA  HALL  LIBRARY  Doe  Dept.  Kansas  City,  MO 

MARATHON  OIL  CO  Houston  TX 

MOBIL  R  X  D  CORP  Offshore  Eng  I.ibrarv ,  Dallas.  TX 

Mi  l  SI  R.  RUTLEDGE.  WEN  TWOR  TH  AM)  JOHNSTON  EA  Richards,  New  York.  NY 
NEW  /.EAT AND  New  Zealand  C  oncrete  Research  Assoc.  (Librarian).  Porirua 
I>  \(  IFK  MARINE  TEC  HNOLOGf  (M.  Wagner)  Duvall.  W  A 
t’llTIPS  .ASSOC  P.A  Phelps.  Rheem  Valley,  C  A 

POR  TLAND  C  EMEN  T  A.'l.SOC  ,  (  orlev.  Skokie.  IL;  Rsch  X  Dev  Lab  Lib.  Skokie.  IL 

S.ANDI  \  LABOR.A  TORIES  I.ibrarv  Div  .  Livermore  C.A 

SE  ATEC  H  CORP  Pcroni.  Miami.  FI 

SHEET  OEESHORE  INC  E  Dovle.  Houston.  TX 

SHI  1.1  OIL  CO  I  XP  C  ivil  lingrg.  Houston.  TX 

SIMPSON  GUMIT  RIZ.  X  HEGER  INC  Consulting  Engrs  (E.  Hill).  Arlington.  MA 
TRW  SA  STEMS  Dai.  S.in  Bernardino.  C.A;  Engr  Libraiy.  Cleveland.  OH 
WESIINGIIOUSI  ELEC  IRK  CORP  I  ibr.in .'  Pittsburgh  PA 
WISS  I.ANNIA  .  EISTNI  R.  X  ASSOC  DW  Pfeifer.  Northbrook.  IL 
WOODW  ARD-C  LYDE  (ONSUI  I  ANTS  K  Doiningiuv.  Hoiisloii.  T\ 

BROWN.  ROBTRI  I  nivcrsiiv.  \l 

BUI  I  0(  K.  IE  I  .1  C  .in. 111. I 

I  HI  U/l  Alamo.  (  A 

HAS  NFS.  B  Round  Rock.  IN 

1  AY  ION.  lA  Redmond.  W  A 

PI  II  RSFN.  (  ,\PI  N  W  C.imarillo.  (  A 

R  T  B1  SIFR  (  I  .  Old  S  ivbrook.  C  T 

Si’ll  I  \0(il  I  .  I  ARRY  Wvncoie  P  \ 


INSTRUCTIONS 


The  Naval  Qvil  Engineering  Laboratory  has  revised  its  primary  distribution  lists.  The  bottom  of 
the  mailing  label  has  several  numbers  listed.  These  numbers  correspond  to  numbers  assigned  to  the  list  of 
Subject  Categories.  Numbers  on  the  label  corresponding  to  those  on  the  list  indicate  the  subject  category  and 
type  of  documents  you  are  presently  receiving.  If  you  are  satisfied,  throw  this  card  away  (or  file  it  for  later 
reference). 

If  you  want  to  change  what  you  are  presently  receiving; 

•  Delete  -  mark  off  number  on  bottom  of  label. 

•  Add  -  circle  number  on  list. 

•  Remove  my  name  from  all  your  lists  —  check  bo.x  on  list. 

•  Change  my  address  -  line  out  incorrect  line  and  write  in  correction  (ATTACH  MAILING  LABEL). 

•  Number  of  copies  should  be  entered  after  the  title  of  the  subject  categories  you  select. 

Fold  on  line  below  and  drop  in  the  mail. 

Nom:  Numbars  on  label  but  not  listed  on  questionnaire  are  for  NCELuse  only,  pleaae  ignore  them. 


Fold  on  line  and  staple 


DEPARTMENT  OF  THE  NAVY 


NAVAL  CIVtL  ENGINEERING  LABORATORY 
PORT  HUENEME.  CALIFORNIA  93043 


OFRiCIAL  BUSINESS 

aCNALTY  FOR  FRIVATB  U«K.  taOO 
I  IMD.NCn..a700/4  (RIV.  II.7S) 
0RS0-IX.L7O4044 


FOSTAaa  AND  FEB*  FAID 
DEFARTMENT  OF  THE  NAVY 
DOD-*1C 


(Commanding  Officer 
Code  L14 

Naval  Civil  Engineering  Laboratory 
Port  Hueneme,  California  93043 


DISTRIBUTION  QUESTIONNAIRE 

The  Naval  Gvil  Engineering  Laboratory  is  revising  its  primary  distribution  lists. 


SUBJECT  CATEGORIES 

1  SHORE  FACIUTIES 

2  Construction  methods  and  matariait  (irKludirrg  corrosion 

control,  coatings) 

3  Waterfront  structures  (maintenaftce/deterioration  control) 

4  Utilities  (including  power  corujitioning) 

5  Explosives  safety 

6  Cortsiruction  equipment  and  machinery 

7  Fire  prevention  and  control 

8  Antenna  technology 

9  Structural  artalysis  and  design  (irKludir>g  numerical  and 

computer  techniques) 

10  Protective  construction  (includirrg  hardened  shelters, 

shock  and  vibration  studies) 

1 1  Soil/rock  mechanics 

13  BEQ 

14  Airfields  ar>d  pavements 

15  ADVANCED  BASE  AND  AMPHIBIOUS  FACILITIES 

16  Base  facilities  (irKludmg  shelters,  power  generation,  water  supplies) 

17  Expedient  roads/airfields/bndges 

18  Amphibious  operations  (irtcludmg  breakwaters,  wave  forces) 

19  Over-the-Beach  operations  (including  contair>eri<8tion. 

nteteriel  trartsfer,  lighterage  anq  cranes) 

20  POL  storage,  transfer  and  distribution 
24  POLAR  ENGINEERING 

24  Same  as  Advar>ced  Base  and  Amphibious  Facilities, 
except  limited  to  cold-region  environments 


TYPES  OP  DOCUMENTS 

85  Techdeu  Sheets  86  TcchnicsJ  Reports  and  Technical  Notet^ 

8)  Table  of  Contents  8i  Index  to  TDS 


28  ENERGY/POWER  GENERATION 

29  Thermal  conservation  (thermal  engineering  of  buildings.  HVAC 

systems,  energy  loss  measurement,  power  generation) 

30  Controls  and  electrical  conservation  (electrical  systems. 

energy  nv)ni(or«ng  and  control  systems) 

31  Fuel  flexibility  (liquid  fuels,  coal  utilization,  energy 

from  solid  waste) 

32  Alternate  energy  source  (geothermal  power,  photovoltaic 

power  systems,  solar  systems,  wind  systems,  energy  storage 
systems) 

33  Sue  data  and  systems  integration  (energy  resource  data,  energy 

consumption  data,  integrating  energy  systems) 

34  ENVIRONMENTAL  PROTECTION 

35  Solid  waste  management 

36  Hazardous/toxic  materials  management 

37  Wastewater  management  and  sanitary  engineering 

38  Oil  pollution  removal  and  recovery 

39  Air  pollution 

40  Noise  abatement 

44  OCEAN  ENGINEERING 

45  Seafloor  soils  and  foundations 

46  Seafloor  construction  systems  ar>d  operations  (includirtg 

diver  and  manipulator  tools) 

47  Undersea  structures  and  materials 

48  Artchors  and  moorings 

49  Undersea  power  systems,  electromechanical  cables. 

and  conrtectors 

50  Pressure  vessel  facilities 

51  Physical  environment  (irtciuding  site  turveyirtg) 

52  Ocean-based  concrete  structures 

53  Hyperbaric  chambers 

54  Undersea  cable  dynamics 


82  NCEL  Guide  $t  Updates 
91  fhysical  Security 


G  None- 

remove  my  name 


